New quantitation methods based on a real-time polymerase chain reaction (PCR) technique were developed for 5 lines of genetically modified (GM) maize, including MON810, Event176, Bt11, T25, and GA21, and a GM soy, Roundup Ready. Oligonucleotide DNA, including specific primers and fluorescent dye-labeled probes, were designed for PCRs. Two plasmids were constructed as reference molecules (RMs) for the detection of GM maize and GM soy. The molecules contain the DNA sequences of a specific region found in each GM line, universal sequences used in various GM lines, such as cauliflower mosaic virus 35S promoter and nopaline synthase terminator, and the endogenous DNA sequences of maize or soy. By using these plasmids, no GM maize and GM soy were required as reference materials for the qualitative and quantitative PCR technique. Test samples containing 0, 0.10, 0.50, 1.0, 5.0, and 10% GM maize or GM soy were quantitated. At the 5.0% level, the bias (mean-true value) ranged from 2.8 to 19.4% and the relative standard deviation was <5.2%. These results show that our method involving the use of these plasmids as RMs is reliable and practical for quantitation of GM maize and GM soy.
New quantitation methods based on a real-time polymerase chain reaction (PCR) technique were developed for 5 lines of genetically modified (GM)
maize, including MON810, Event176, Bt11, T25, and GA21, and a GM soy, Roundup Ready. Oligonucleotide DNA, including specific primers and fluorescent dye-labeled probes, were designed for PCRs. Two plasmids were constructed as reference molecules (RMs) for the detection of GM maize and GM soy. The molecules contain the DNA sequences of a specific region found in each GM line, universal sequences used in various GM lines, such as cauliflower mosaic virus 35S promoter and nopaline synthase terminator, and the endogenous DNA sequences of maize or soy. By using these plasmids, no GM maize and GM soy were required as reference materials for the qualitative and quantitative PCR technique. Test samples containing 0, 0.10, 0.50, 1.0, 5.0, and 10% GM maize or GM soy were quantitated. At the 5.0% level, the bias (mean-true value) ranged from 2.8 to 19.4% and the relative standard deviation was <5.2%. These results show that our method involving the use of these plasmids as RMs is reliable and practical for quantitation of GM maize and GM soy. P rogress in the development of recombinant deoxyribonucleic acid (r-DNA) techniques has contributed many genetically modified (GM) crops to the markets of the world. These GM crops, such as herbicide-tolerant soy and maize and insect-resistant maize, have been authorized by many countries based on their own criteria for safety assessment. However, consumers who are not familiar with, or who are uncomfortable with these techniques because of the complexity of the advanced technology or their lack of adequate information, may demand appropriate information and labeling for foods derived from GM crops. Labeling policies regarding GM foods differ from country to country. Thus, new labeling systems have been introduced for GM foods in the European Union (EU), Korea, Japan, Australia, and other countries. Labeling of GM foods is not compulsory in the United States and Canada.
For the monitoring of labeling systems, it is necessary to set an effective threshold, establish well-validated analytical methods, and provide available reference materials. The threshold for the unintentional mixing level of GM soy and GM maize is defined as 1% in the EU (1), 3% in Korea (2) , and 5% in Japan (3) . Efforts have been made recently to develop polymerase chain reaction (PCR) methods for the qualitative detection of glyphosate-tolerant soybeans (4-7) and Bt-maize, Event176 (6) (7) (8) . Quantitative methods by use of competitive PCR have also been developed to provide the information regarding the mixing level of GM soy and maize (9) (10) (11) (12) (13) (14) , and another quantitative genetically modified organism (GMO) detection procedure by use of a real-time PCR system has been reported (14, 15) . In those studies, ground raw materials (Fluka, Buchs, Switzerland) were used as reference materials to quantitate the GMO mixing level. It is unlikely that the quality of the reference materials prepared from agricultural products could be maintained, because many factors, such as variety, growing area and year, and the different genotypes of embryos and albumen, could affect the quality of DNAs extracted from the seeds. Furthermore, reference materials are not yet available for all GM lines of maize. The detection targets in previous works, e.g., cauliflower mosaic virus 35S promoter (p35S) and nopaline synthase terminator (tNOS), are introduced into many GM lines as different copies; therefore, analytical results must be converted to a GM line and would differ from the actual amount of GMO in a sample that includes multiple GM lines. Thus, it is necessary Bt11-2- Taq  5′ FAM-CGA CCA TGG ACA ACA ACC CAA  ACA TCA-TAMRA 3′   crylA(b)/sense probe   GA21  F  GA21 3-5′  GAA GCC TCG GCA ACG TCA  OTP/sense primer   GA21 3-3′  ATC CGG TTG GAA AGC GAC TT  m-epsps/antisense primer  133bp   GA21-2-Taq  5′ FAM-AAG GAT CCG GTG CAT  GGC CG-TAMRA 3′   OTP-m-epsps/sense probe   T25  G  T25 1-5′  GCC AGT TAG GCC AGT TAC CCA  pat/sense primer   T25 1-3′  TGA GCG AAA CCC TAT AAG AAC CCT  t35S/antisense primer  149bp   T25-2-Taq  5′ FAM-TGC AGG CAT GCC CGC TGA  AAT C-TAMRA 3′   t35S/sense probe   Event176  H  E176 2-5′  TGT TCA CCA GCA GCA ACC AG  crylA(b)/sense primer   E176 2-3′  ACT CCA CTT TGT GCA GAA CAG ATC T  PEPC#9 intron/antisense primer  100bp   E176-Taq  5′ FAM-CCG ACG TGA CCG ACT ACC ACA  TCG A-TAMRA 3′   crylA(b)/sense probe   MON810  I  M810 2-5′  GAT GCC TTC TCC CTA GTG TTG A  hsp70/sense primer   M810 2-3′  GGA TGC ACT CGT TGA TGT TTG  crylA(b)/antisense primer  113bp M810-Taqto establish line-specific quantitation methods and to provide appropriate reference materials for precise analysis. We propose new methods for quantitating the amounts of GM maize and GM soy by using plasmid DNAs as reference molecules (RMs) in place of raw materials. These methods can provide reliable and reproductive results and perform as effective tools to implement the new labeling systems.
Experimental

Zea Mays
Genuine seeds of the appropriate varieties derived from the 5 lines of GM maize, i.e., Bt 6300, a progeny of Bt11, developed by Syngenta (Basel, Switzerland); Dekalb DK580RR, a progeny of GA21, developed by Monsanto Co. (St. Louis, MO); and Dairyland 1412 for a conventional non-GM variety were imported directly from the United States. Progenies of Event176 developed by Syngenta, T25 developed by Aventis CropScience (Lyon, France), and Pioneer 33V08, a progeny of MON810, developed by Monsanto, were kindly provided by the developers.
Glycine Max
Genuine seeds of GM soy variety AG3301, a progeny of Roundup Ready (RR) soy (Monsanto), were kindly provided by their developer. The soybeans grown from non-GM planted seeds, which were inspected by the Ohio Seed Improvement Association (Dublin, OH), were imported directly from the United States.
Other Crops
The seeds of a rice (Oryza sativa) variety, Kinuhikari; a wheat (Triticum aestivum) variety, Haruyutaka; and a barley (Hordeum vulgare) variety, Harrington, were also used to study the specificity of PCR by using the designed primer pairs.
Oligonucleotide Primers and Probes
Ten sets of primer pairs and fluorescent dye-labeled probes between the primers were designed for the real-time PCR systems to quantitate each GM line ( Table 1 ). The DNA oligonucleotides were designed by using Primer Express software [Applied Biosystems (ABI), Foster City, CA] from the sequence information reported previously (4, 12, 13) .
PCR systems A and B were designed for quantitation of the specific sequence in the maize starch synthase IIb (zSSIIb; 16) and soy lectin (Le1; 17, 18) genes as analytical controls, respectively. PCR systems C and D were designed for quantitation of the universal regions, which are widely used in GM crops, by using specific sequences in the p35S and tNOS regions, respectively. Furthermore, PCR systems E-J were designed for quantitation of specific sequences in each GM line: Bt11, GA21, T25, Event176, MON810 maize, and RR soy, respectively.
The primers were synthesized and purified on a reversed-phase column by FASMAC Co., Ltd. (Kanagawa, Japan). The oligonucleotide probes labeled with 6-carboxyfluorescein and 6-carboxytetramethyl-rhodamine at the 5′ and 3′ ends, respectively, were synthesized by ABI Japan (Tokyo, Japan). 
Reference Molecules
To connect the amplicons of PCR systems A and C-I for maize, and B-D and J for soy in one molecule, we modified the strategies described in a previous report (10) .
1st PCR.-To connect the amplicons X and Y, 2 separate PCRs were performed for each amplicon by using a nontailed primer (nTP; nTP-X-5′ or nTP-Y-3′) and a tailed primer (TP; TP-X-3′ or TP-Y-5′). The primers designed for PCR systems A-J were used as nTPs. The TPs were composed of the designed primer sequence plus a tail sequence. The tail sequence of the TP-X-3′ was a complementary sequence of the 5′ side of amplicon Y, and the tail sequence of the TP-Y-5′ was a complementary sequence of the 3′ side of amplicon X. The lengths of the tailed sequences were designed as 10-15 nucleotides. A 25 µL volume of reaction solution contained 2.5 µL PCR buffer II (Toyobo Co., Ltd., Osaka, Japan), 160 µM deoxynucleoside triphosphate (dNTP), 1.5mM MgCl 2 , 0.156 units (U) KOD DNA polymerase (Toyobo), 0.5 µM tailed primer pair described above, and 25 ng genomic DNA as a reaction template. The PCR was operated by GeneAmp ® PCR system 9700 (ABI) with the following PCR step-cycle program: preincubation at 1 min at 98°C and 40 cycles, 30 s at 98°C, 30 s at 56°C, and 1 min at 74°C, followed by a final extension at 74°C for 2 min. 2nd PCR.-The amplicons X and Y were connected by the 2nd PCR by using nTP-X-5′ and nTP-Y-3′ primers as follows: 25 µL reaction solution contained 2.5 µL PCR buffer II (ABI), 200 µM dNTP, 1.5mM MgCl 2 , 0.625 U AmpliTaq Gold ® polymerase (ABI), 0.5 µM primer pair, with 0.5 µL of the solution of 1st PCR serving as a reaction template. The PCR was operated by PTC-200 DNA engine (MJ Research Inc., Waltham, MA) with the following PCR step-cycle program: preincubation at 98°C for 10 min and 40 cycles, 1 min at 98°C, 1 min at 56°C, and 1 min at 72°C followed by a final extension at 72°C for 7 min.
The above 1st and 2nd PCRs were repeated to connect all the amplicons amplified by each PCR system 7 times for maize and 3 times for soy, respectively.
Integration to vector.-The integrated fragments were ligated into pCR2.1 plasmid vector (Invitrogen Co., Carlsbad, CA) by using TOPO TA Cloning ® kit (Invitrogen). The fragments were then excised from pCR2.1 and ligated into pBR322 plasmid vector (Takara Shuzo Co., Ltd., Kyoto, Japan). The cells of Escherichia coli strain TOP10F (Invitrogen) were transformed by using the plasmids. To confirm the sequence of the inserted fragments, direct sequencings were performed by FASMAC Co., Ltd.
The plasmid was extracted and purified with the QIAGEN ® plasmid Mega kit (QIAGEN GmbH, Hilden, Germany). The purified plasmid DNA was cut at the restriction sites located outside the integrated fragments. The linealized plasmid DNA was purified again by gel filtration or ultracentrifugation by CsCl. The concentration of a mother solution was calculated from the absorbance at 260 nm measured by UV spectrometer DU-600 (Beckman Coulter Inc., Fullerton, CA). The average of triplicate measurements was used for the calculation. The relative standard deviation (RSD) value was <0.5% (data not shown). The purified plasmid DNA was di- luted by salmon testis DNA (Sigma Chemical Co., St. Louis, MO) solution (5 ng/µL) to 20, 125, 1500, 20 000, and 250 000 copies per 2.5 µL.
Grinding of Single Seed
Grinding of single maize seed was performed by using Multi-Beads Shocker (YASUI KIKAI Co., Osaka, Japan) with 12 mL tube holder (Type SH-123) at 1800 rpm for 30 s. Before grinding, the seed was washed with 1% sodium dodecyl sulfate (SDS), rinsed with distilled water, and dried to remove powders and broken pieces of other seeds.
DNA Extraction from Single Seed
DNA from ground single maize seed (ca 300 mg/seed) was extracted by using DNeasy Plant Mini Kit (QIAGEN GmbH), according to the manufacturer's manual, except for elution by distilled water.
Preparation of Test Samples for Maize
Six mixing levels of maize samples containing 0, 0.10, 0.50, 1.0, 5.0, and 10% of each GM line were prepared to evaluate our methods. For maize samples, 5 GM lines were mixed in a non-GM maize to model the actual case: the maize 1.0% test sample consisted of 1.0% Bt11, 1.0% GA21, 1.0% T25, 1.0% Event176, 1.0% MON810, and 95% non-GMO for a total of 5.0% GMO.
A 600 g amount of non-GM and 30 g of each GM seed were frozen overnight at -80°C, ground with the 0.2 mm sieve ring by Rotor-Speed Mill P14 (Fritsch GmbH, Idar-Oberstein, Germany), and freeze-dried for 24 h in a freeze dryer (FDU-540; Tokyo Rikakikai Co., Ltd., Tokyo, Japan). A portion of the ground samples of non-GM and GM seeds was used to confirm the exclusion of unexpected GM lines and to measure the moisture content. In the preparation of each mixing level, appropriate amounts of the dried powder of each GM maize and non-GM maize were weighed. The weighed non-GM powder samples were homogenized into 600 mL distilled water for 10 min at 4°C, and the ground powder of the GM seeds was subsequently added to the solution, including non-GM powder, and homogenized for 1 h at 4°C. The mixture was freeze-dried, ground again, and divided into 8 aliquots. The aliquots were randomly paired and thoroughly mixed in plastic bags; the procedure was repeated twice. The recollected mixture in one bag was weighed to 1.0 g each and bottled in 15 mL polypropylene tubes (ASSIST Trading Co., Ltd., Tokyo, Japan). The number of bottles of test samples for 6 mixing levels ranged from 68 to 86. Some of the test samples were used for measuring particle size.
Preparation of Test Samples for Soy
Six mixing levels of soy samples containing 0, 0.10, 0.50, 1.0, 5.0, and 10% GM soy were also prepared to evaluate our methods. For soy, a dry rather than wet mixing procedure was applied.
A 950 g amount of non-GM and 30 g GM seeds were frozen overnight at -80°C, ground with the 0.5 mm sieve ring by Rotor-Speed Mill P14 (Fritsch GmbH), and freeze-dried for 24 h in a freeze dryer (FDU-540; Tokyo Rikakikai Co., Ltd.). A portion of the ground samples of non-GM and GM seeds was used to confirm the exclusion of unexpected GM lines and measure the moisture content. In the preparation of each level, appropriate amounts of the dried powder of GM soy and non-GM soy were weighed. The weighed non-GM and each GM powder sample were mixed thoroughly in plas- tic bags. The mixture was freeze-dried, ground again, and divided into 8 aliquots. The aliquots were randomly paired and mixed thoroughly in plastic bags, and the procedure was repeated twice. The recollected mixture in one bag was weighed to 1.0 g each and bottled in 15 mL polypropylene tubes (ASSIST Trading Co., Ltd.). The number of bottles of test samples for 6 mixing levels ranged from 111 to 140. Some of the test samples were used for measuring particle size.
Measurement of Moisture Contents and Particle Size of Test Materials
The moisture content of the ground powders of each GM and non-GM maize was measured by using Karl Fischer moisture meter KF-100 (Mitsubishi Chemical Co., Tokyo, Japan) just before mixing. The particle size of the test sample was also measured by a laser diffraction particle size analyzer (SALD-2000; Shimadzu Co., Kyoto, Japan).
DNA Extraction from Samples
DNAs were extracted from 1.0 g of the samples by using the DNeasy Plant Maxi Kit (QIAGEN GmbH), according to the manufacturer's manual, with the following small modification: All centrifugation was performed at 3000 × g, and genomic DNA was eluted by distilled water. Eluted fraction was treated with isopropanol precipitation. Precipitant was rinsed with 70% ethanol, dried, and resuspended with 50-100 µL TE buffer [10mM Tris-HCl (pH 8.0), 1mM EDTA].
Agarose Gel Electrophoresis
PCR products (5 µL) were electrophoresed at a constant voltage (100 V) with 3% agarose gel supplemented with 0.5 µg/mL ethidium bromide (Sigma) in TAE [40mM Tris-HCl (pH 8.0), 40mM acetic acid, and 1mM EDTA
Qualitative PCR
A 25 µL volume of reaction solution contained 25 ng sample DNA, 2.5 µL PCR buffer II (ABI), 200 µM dNTP, 1.5mM MgCl 2 , 0.625 U AmpliTaq Gold polymerase (ABI), and 0.5 µM primer pair. The reaction was operated by using PTC-200 DNA engine (MJ Research Inc.), with the following PCR step-cycle program: 10 min at 95°C, 40 cycles, 30 s at 95°C, 30 s at 60°C, and 30 s at 72°C, followed by a final extension at 72°C for 7 min. To confirm the sequence of PCR products, the direct sequencings were performed by FASMAC Co., Ltd.
Quantitative PCR
The kinetic analysis during amplification of the target sequence was monitored with fluorescent dye, which was labeled to the designed oligonucleotide probes, using ABI PRISM ® 7700 (ABI). A 25 µL volume of the reaction solution contained 50 ng sample DNA, 12.5 µL Universal Master Mix ® (ABI), 0.5 µM primer pair, and 0.2 µM probe (except for the p35S, 0.1 µM probe). The reaction condition was set with the following PCR step-cycle program: 2 min at 50°C, and 95°C for 10 min and 40 cycles, 30 s at 95°C, and 1 min at 59°C. Standard curves were calibrated by using the 5 concentrations of RMs, such as 20, 125, 1500, 20 000, and 250 000 copies per reaction. The no template control (NTC) was also prepared as the negative control for analysis, which included 5 ng/µL salmon testis DNA (Sigma). In the reaction plate, the real-time PCR was by triplicated by using 3 reaction vessels for each template DNA (NTC, RMs, and unknown samples).
Analysis of Quantitative PCR
To obtain stable standard curves and to eliminate error caused by the difference of the process for drawing threshold lines (T) between analysts, the process was improved by a fixed manner, because T was not always drawn at an optimum exponential fluorescent signal gain at default of the software for ABI PRISM 7700. Analysts had to decide T, at which the correlation value of standard curve was best by manual control.
First, multiple candidates of T n are set at 2 n-1 -fold (n, natural number) of the standard deviation of the mean base line emission calculated between cycles 3 and 15. The n is increased one by one until some one of the amplification plots do not cross over T n . The optimal T (T o ) is determined by comparing the amplification rates (A n ) and |∆Α n, n+1 | calculated from the slope of standard curves generated at multiple candidates T n . A n and |∆A n, n+1 | values are calculated by using the following formulas:
T o is determined as the one satisfying the following conditions: Condition 1.-The section of linear phase is defined as total sections of |∆A n, n+1 |, which are <1% continuously in 2 or more sections. Adopt the average of n values for the section of linear phase to determine the T o . If the average is not an integral number, round up decimal fraction of the average. If the section of linear phase splits into 2 groups, adopt the section in which average of n value is larger. In this case, the correlation value of standard curve must be >0.990, and A n value <2.1. The T o should not cross the amplification plots of NTC.
Condition 2.-If Condition 1 could not be fulfilled, allowable |∆A n, n+1 | value should be changed to 2%. If it is not enough, allowable |∆A n, n+1 | value shall be changed to 3%÷4%÷5% step by step. If the T o cannot be adopted, even if allowable |∆A n, n+1 | value is changed to 5%, the tests shall be abandoned.
The copy number of each sample is obtained as mean value of triplicates compared with the optimal standard curve. The ratios of r-DNA and endogenous sequence in each genuine seed are calculated by Formula 3 and defined as coefficient value (C V ). GMO amounts (%) are calculated by Formula 4 and the defined C V s. 
Results and Discussion
Specificity of Designed PCR Systems
Ten sets of primer pairs and probes (PCR systems A-J) were designed based on previous sequence information (4, 12, 13) and that available from a public database DNA Data Bank of Japn (DDBJ; http://www.ddbj.nig.ac.jp/ searches-j.html; Table 1 ). zSSIIb and Le1 genes were chosen for PCR systems A and B, respectively, as reference DNA sequences for quantitative analysis, because the genes were reported as single copy genes in maize (16) and soy (17, 18) , respectively. PCR systems C and D were designed to roughly quantitate the sequence of p35S and tNOS for the first screening of GM crops. PCR systems E-J were designed to quantitate each GM line by using specific sequences of Bt11, GA21, T25, Event176, MON810 maize, and RR soy, respectively (Figure 1) .
The specificity of these designed PCR systems were confirmed by both qualitative and quantitative PCR. No unexpected PCR products were observed by qualitative PCR by using genomic DNAs extracted from non-GM maize; the 5 lines of GM maize; non-GM soy; RR soy; and rice, wheat, and barley (Figure 2) . The results of DNA sequences from each PCR product corresponded to the expected genomic DNA sequences (data not shown). All sets of PCR primer pairs and probes also confirmed the specificities by real-time PCR by use of the above genomic DNA samples. Amplification was observed for the only corresponding template genomic DNA (data not shown). Therefore, it was concluded that all the PCR systems designed here have sufficient specificity for qualitative and quantitative PCR analysis.
Construction of Reference Molecules
The process of synthesizing the RMs is summarized in Figure 3 . Two plasmid DNAs for RMs were constructed by tandem integration of each amplicon (Figure 3) . The pMul5 plasmid includes PCR products amplified from the PCR systems for zSSIIb, p35S, tNOS, and all GM maize lines. The pMulSL2 plasmid includes PCR products amplified from the PCR systems for Le1, p35S, tNOS, and RR soy. The sequences of integrated fragments inserted in the pMul5 and pMulSL2 are shown in Figures 4 and 5 , respectively.
The RMs have advantages over reference materials prepared from seeds of maize and soy, because plasmid DNA produced from E. coli could be supplied in unlimited quantities of consistent quality. There are many GM varieties, with different biological backgrounds, bred from a GM line, and conventionally inbred by cross-breeding. The quality of their extracted DNAs could differ depending on which variety seeds is used for reference materials; however, it is not clear why PCR results are affected, because we found that the quantitation results were influenced by non-GM varieties (data not shown). Further, it is difficult to obtain genuine seeds represented by a GM line, because the purity level of seeds for a single variety is usually <99%. Some GM seeds contaminated with other GM lines were, indeed, found in our laboratory (data not shown). Therefore, we considered that use of plasmid DNA as a reference material could provide secure results with a stable standard curve.
Range of Quantitation
Six levels of concentration of RMs were set to 0, 20, 125, 1500, 20 000, and 250 000 copies per reaction for the calibration. According to the genome sizes of maize (19) and soy (20, 21) , we considered that the range of copy numbers from 20 to 250 000 was sufficient to quantitate GMO from 0.50 to 100% in the 50 ng of the template for one reaction. The ranges of quantitation meet the labeling requirement of regulations in the EU (1%), Korea (3%), and Japan (5%).
The linearities of standard curves were confirmed by quantitative PCRs by using the RMs and the designed PCR systems. Figure 6 shows a typical amplification plot for MON810 quantitation by the pMul5. The T o was determined from the amplification plots as described in the Experimental section, and standard curve was generated at the T o . The calculated R 2 values of the standard curves ranged from 0.999 to 1.000 (data not shown).
Repeatabilities of the reactions for all PCR systems were calculated by using data of triplicate reactions obtained from the 6 concentration levels of RMs ( Table 2 ). The data of triplicate reactions were used as calibrants to generate the standard curve and as unknown samples to recalculate copy numbers of the triplicate reactions by application of the standard curves. The RSD values of the triplicate reactions in a single experiment for each PCR system were calculated by using the copy numbers instead of threshold-cycle (Ct) values, where each reaction crosses T o because the threshold line is not drawn at same Ct value in our method, as described in the Experimental section. The RSD values were <10% in most cases; however, larger RSD values were observed for lower concentrations of the RMs. These results show that a sufficient level of efficiency would be attained by using the RMs to monitor the mixing levels of GMOs.
Adequacy of the Seeds
F1 seeds were used as test materials because, according to Mendel's Law, the genotype should be segregated in the F2 grains, especially in maize, which was a typical cross-pollination plant, and the F1 hybrid seeds are commonly provided to farmers.
Genotype distributions of the 16 seeds of each GM maize were examined from the C V measured from the genomic DNA extracted from a single seed. Typical results regarding comparison of C V s between 2 progenies of Event176 are summarized in Figure 7 . Averages of C V s derived from progenies of A and B were both 2.54. Nevertheless, RSDs were 12.8 and 67.9%, respectively, and the C V s of progeny B had clear distribution. The average of C V s derived from 16 seeds of Event176 was 2.54 (Table 3) , whereas the C V derived from multiple seeds of Event176 was 1.92 ( Figure 7) . Although, the reason for the difference is not clear, we suspect that it might be attributable to differences of procedures for seed grinding and/or DNA extraction. Even so, it is available to determine the adequacy of test sample seeds from the distribution of C V s among 16 seeds. Conventional commercial maize seeds are F1 hybrids with one-generation elite traits produced by crossing 2 inbred varieties. GM maize seeds are also F1 hybrids produced by crossing an inbred GM line and an existing inbred line. The corn grains to be harvested will be F2 seeds because they are produced by F1 hybrids. This means that a trait gene is expressed in the ratio of 3:1 in the F2 grains of phenotype in accordance with Mendelism, and the genotype is segregated +/+:+/-:-/-= 1:2:1. Therefore, the theoretical probability of F2 genotype seeds being contained in the progenies of GM varieties that had no significant distribution among 16 seeds is <(2/4) 16 = 0.0015%, and, consequently, the seeds were determined to be F1, and were used in this study.
Purities of the seeds of each GM maize were also confirmed by amplification to the quantitative PCR systems for all GM-specific sequences. All samples ground from the seeds of each GM line were used to confirm the exclusion of unexpected GM lines (data not shown). The seeds that satisfied conditions of these adequacy tests were used as test materials for the following experiments.
Adequacy of Test Samples
To adequately prepare the test samples, the moisture contents of non-GM or GM seeds were measured just before mixing. The results revealed that the samples contained 2-3% (w/w) water, and no significant difference was observed between non-GM and GM seeds. Therefore, the true GMO amount (%) of the test samples was expressed as its GMO and non-GMO mixing ratio (w:w).
At the mixing step, 2 procedures were performed. Although maize test samples were prepared by means of an aqueous mixing procedure, soy test samples were prepared by means of a dry mixing procedure because our preliminary data indicated a significant degradation of DNA during the aqueous mixing of soy (data not shown).
The particle size of each bottled sample was measured to determine the test sample size necessary for DNA extraction. The measured particle size of the 0.1% maize test sample was 10.71 ± 0.34 µm SD; the size of the 0.1% soy test sample was 16.12 ± 0.62 µm SD. Particle sizes of other test samples that included different levels of GMOs were similar to that of the 0.1% test sample (data not shown). The trial calculation indicated that the number of GMO particles in 0.10% maize and soy samples would be about 1.1 × 10 6 and 3.3 × 10 5 particles per 1 g, respectively, by assuming that the form of the particle is spherical and that the specific gravity of the maize and soy seed are 1.4 and 0.77 g/cm 3 (Satoshi Futo, FASMAC Co., Ltd., personal communication). This result showed that the 0.1% samples allowed 1 g of test sample to be analyzed.
Measurement of Coefficient Values
To determine the C V s required for these methods, each copy number of endogenous DNA and r-DNA sequence in the DNAs extracted from GM seeds was measured (Table 3) . All experiments were repeated 3 times, and the mean values were set as the C V s. For RR soy, the C V s of p35S, tNOS, and RR soy-specific sequences were 0.99, 1.09, and 0.96, respectively. These results suggest that the ratio of the genes (Le1:p35S:tNOS:CP-4 5-enolpyruvylshikimate-3-phosphate synthase [EPSPS]) was 1:1:1:1 and corresponded to the information of the copy number of the gene introduced into RR soy in the documents of food safety assessment submitted to the Japanese government.
The ideal C V of F1 hybrid maize, including the single copy of transgene per genome, will be 0.5. Likewise, the ideal C V of soy, including the single copy of transgene per genome, will be 1.0. We suspect that differences between experimental and theoretical values might be generated by differences of PCR efficiencies that resulted from the amounts of the nontargeted sequences in the plasmid and genomic DNA, although any considerable homology to the sequences used for detection by using the DNA database of target crops could not be found.
Homogeneity of Test Samples
After determination of the C V s, the homogeneities of the test samples were examined by means of a single-factor statistical analysis of variance (one-way ANOVA) for all mixing levels of maize and soy. Seven lots of each level of GMO amount (%) for maize were selected randomly from the prepared sample tubes and extracted with DNeasy Plant Maxi Kit, and quantitative PCRs were performed twice by using the line-specific PCR systems for each extracted DNA. For soy, 10 lots were selected randomly from the prepared sample tubes and the amounts of RR soy were quantitated for each extracted DNA from the selected samples. The calculated copy numbers were converted into GMO amount (%) by using the determined C V s and Formula 4. The data were treated with logit transformation (22) , because GMO amount (%) is the proportion from 0 to 100%; a one-way ANOVA was then conducted on the logit-transformed data to compare the between-and within-lot variances. The F-and P-values are shown in Table 4 . Moreover, mean and 95% confidence limits (upper and lower) were calculated from mean and confidence limits of logistic values by using antilogit transformation (Table 4) . Formula 5 for logit transformation from X (0, 100) to Y (-4, +4) and Formula 6 for antilogit transformation from Y (-4, +4) to X (0, 100) are described as: Y = log{(X/100)/(1 -X/100)} (5) X = {10^(Y + 2)}/(1 + 10^Y)
The smallest P-value was 0.06 (0.50% sample, MON810 specific quantitation) and >0.05. Therefore, the between-lot variances did not differ from the within-lot variances in each mixing level, and we concluded that the prepared samples were sufficiently homogenous and adequate for validation of the methods.
Further, we preliminarily evaluated the developed method by using the same quantitation results obtained in the homogeneity tests conducted before interlaboratory tests. The duplicated quantitation data for 7 lots of 1 and 5% GM maize, and for 10 lots of 1 and 5% soy samples were averaged in their respective lots and statistically analyzed. The mean (GMO amount, %), bias (true value, %), SD (%), and RSD (%) at both levels of GMO amounts are shown in Table 5 . In these results, the RSDs at the levels of 1.0 and 5.0% were <6.2 and 5.2%, respectively. Those levels are the thresholds of the unintentional mixing level in the EU and Japan, respectively. We considered that the methods developed for GM maize and soy in this report could be validated by using the above test samples.
Conclusions
Novel quantitative methods for GMOs by use of plasmids as RMs for real-time PCR were developed and evaluated. These methods can provide unlimited reference materials of consistent quality to laboratories, because plasmid DNAs are easily amplifiable and are not agricultural products; thus, any reference materials produced from agricultural products for the major GM line would not be necessary. Because these reference materials include both the line-specific and the universal sequences introduced in GM soy and maize, our methods enabled the quantitation of line-specific as well as p35S and tNOS. Although the result of the quantitations by p35S or tNOS is roughly estimated as the mixing level of a typical GM line (e.g., MON810) and may differ from the actual GMO amounts, these rough quantitations would be useful as a screen for monitoring the mixing level of GMO. These methods were tried to quantitate the mixing levels of 1 and 5% of GM samples and showed that the novel methods would provide useful and reliable results for both screening and precise analysis. The interlaboratory studies are presented as a companion report to the present report (23) .
